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Abstract 
To evaluate the service life of a tribounit with magnetic liquid in a vacuum it is necessary to know the time dependence of 
dispersed phase growing concentration on the carrier liquid evaporation. According to the molecular-kinetic theory of matter, we 
determined the evaporation rate and pressure intensity of saturated vapor of single fluid in a vacuum depending on temperature. 
The solution covers evaporation rate of colloidal systems such as magnetic liquid or magnetic lubricating oil. The obtained 
equation describes the time dependence of a dispersed phase growing concentration on the carrier liquid evaporation, which 
allows evaluating magnetic liquid tribounits’ service life. 
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Magnetic liquids and magnetic lubricants are becoming more and more popular as a building material for 
tribotechnical units to increase their quality and extend their rational application area [1-5]. Magnetic liquids are 
impossible to replace in a number of vacuum sealants due to high reliability and a compact size. Sliding bearings 
based on magnetic lubricants can work in a hydrodynamic mode friction mode with a low wear rate. Sliding 
bearings are lubricated with magnetic oil of limited volume that is not retained in them, but goes to a friction zone 
affected by special heterogeneous thermomagnetic fields. Aerospace equipment designers show more interest in 
gears that are lubricated with magnetic oil. 
A distinctive feature of all mentioned tribounits is that they can operate properly with a small volume of magnetic 
liquid (oil). Usually, it does not exceed several tens of cubic centimeters. Such volume of a liquid magnetic 
environment is easily retained by a stationary magnetic field produced by a permanent magnet magnetic system. It is 
also a mechanism, which is sufficient enough to operate properly for several months or even years. 
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If a magnetic liquid friction unit does not work continuously with the boundary lubricating regime (and it is 
usually the case), then its service life in a vacuum depends on a dispersed environment evaporation rate. Here we 
assume that the magnetic liquid is good enough and does not lose colloidal stability; destruction processes in a 
carrier liquid are blocked by special additives. 
It is common to use a carrier liquid with low vapor pressure for magnetic liquids in a vacuum. This helps to 
restrain the phase transition of a liquid into vapor and thereby reduce the evaporation rate. However, it is impossible 
to neglected dispersed environment mass losses due to low vapor pressure near the surface of the magnetic liquid in 
a vacuum and its relatively large open surface. The dispersed phase concentration increases in the process of 
magnetic fluid evaporation. The time to reach its limit (critical) value defines a tribounit’s service life. Mainly, an 
increase in a solid phase concentration results in an unacceptable increase in viscosity of dispersed environment, and 
this disturbs the normal operation process of a tribounit. 
To estimate a tribounit’s service life in a vacuum it is necessary to know the time dependence of a dispersed 
phase increase on the carrier liquid evaporation. First, we consider the evaporation process of a single liquid in a 
vacuum. For this purpose we use the statistical approach proposed by Ya.I. Frenkel [6]. Surface atoms (molecules) 
of a substance are in random thermal motion. The Maxwell's velocity distribution law implies that there are always 
atoms that can break the link with neighboring atoms and leave the surface. To be normal to the surface vz speed 
should be such that: 
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where m is a molecular mass, L is an evaporation energy of one molecule. It should be noted, that this particular 
speed corresponds to the most probable atom departure direction. According to Maxwell's law, a relative number of 
elements with the speed from vz to z zv dv  will be: 
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where T is an absolute temperature, k is a Boltzmann constant. A number of atoms that tend to leave the surface dS 
for the time dt with the speed from vz to vz+dvz equals to zz dvvnf )(  where n is the concentration of atoms in a 
liquid. Then the fluence rate of atoms 
dtdS
dNI    that cross a potential barrier near the surface is: 
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After integrating this equation we have: 
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Therefore we can determine the evaporation rate, i.e. the mass of the substance that has evaporated from one unit 
area per unit time W=I·m: 
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After transformations we have: 
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where ȝ is a molar mass of the substance, ȡ is the mass density, Ris an absolute gas constant, L0 is a specific heat of 
evaporation.  
If some experiments show the evaporation rate in a vacuum at a certain temperature, then the formula (6) can be 
used to calculate the evaporation rate for any other permissible temperature, as well as the heat of vaporization. 
Reference materials often show not a heat of vaporization, but a saturated vapor pressure Ps at a certain 
temperature. Thus, we can find the evaporation rate based on this value. Let us consider the special case when a 
liquid is in a thermodynamic equilibrium with its steam. All steam molecules with the speed vz from 0 to λ can 
condense on the surface. The fluence rate of steam atoms going to the surface is: 
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where ݊Ԣ is a concentration of steam atoms. The thermodynamic equilibrium shows that: 
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We suppose that the basic equation of molecular-kinetic theory of gases ܲ ൌ ݊Ԣ݇ܶ can be applied to a steam. 
Then we have: 
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Then the formula (6) can be transformed into: 
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It should be noted that according to the values of saturated vapor pressure at two temperatures T1 and T2 it is easy 
to determine a specific heat of liquid evaporation according to the following formula: 
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Numerous experiments show that not all steam molecules, which approach to the surface, condense on it. A 
condensing coefficient Į determines a fraction of molecules that condense after the impact on the surface. In certain 
cases this coefficient can be less than 1. For example, for water steam Į = 0,036, but for the majority of substances Į 
§ 1. A condensing coefficient depends on different perturbing factors that lead to changing the surface structure and 
composition. It is generally said that a condensing coefficient is equal to an evaporation coefficient, which is similar 
according to its physical meaning. Thus, the equation (10) should look like this:  
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Now we are going to consider the problem of magnetic liquid units’ life prediction based on a dispersed phase 
evaporation rate. In fact, we should find an equation that describes time dependence of dispersed phase content in a 
magnetic liquid. 
Let us assume that we know the magnetic liquid volume V filled in a friction unit and the volume concentration 
Ȧm of a magnetic dispersed phase in a liquid. Suppose that the magnetic liquid surface S is being fairly constant in 
the process of evaporation. Considering the long-sweep liquid surface, we will ignore that a saturated vapor pressure 
depends on it. We consider a liquid vapor pressure near the surface as zero. We also consider that the surface 
temperature does not change due to low liquid evaporation rate. And diffusion processes in a liquid allow keeping 
the surface molecule concentration balanced. 
Dispersed magnetic particles in a liquid are covered by a protection layer with SAA admolecules oriented 
normally to the surface. Adsorbed layers are necessary for removing sintering of particles affected by magnetic 
forces. Usually a molecule chain length ¨ is 1,7–2,5 nanometers depending on a magnetic liquid SAA stabiliser. If a 
particle diameter is d, than an effective particle diameter is d + ¨. An effective volume concentration is calculated 
according to the formula 
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ZZ . In our case, solid volume Vs when ss VV Z will stay constant 
regardless of testing time.  
Supposed that there is only the surface evaporation Sl without dispersed particles, we can calculate the evaporated 
liquid volume element dVl as follows: 
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We will use a known connection between 2-D and 3-D structure parameters from [7]: 
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Thus, the equation (13) can be transformed into a form more suitable for integrating: 
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Let us assume that a liquid phase volume changes using some known value ௟ܸଵ ൌ ܸሺͳ െ ߱௦௦ሻ and becomes 
௟ܸଶ ൌ ܸሺͳ െ ߱௦௙ሻ, where ߱௦௦ǡ ߱௦௙are initial and final values of a dispersed phase volume effective concentration. 
After integration we have a formula showing the time when a dispersed phase volume concentration increases from 
߱௦ ൌ ߱௦௦ to ߱௦௙: 
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When the surface S is changing during the evaporation process, its average value during all testing time should be 
put into the formula (17). If a magnetic liquid has one of two temperature states T1or T2ǡthen we should use an 
averaged value of the evaporation rate: 
1 2 (1 ),W W WW W     (18) 
where W1 and W2are evaporation rates at the temperatures T1 and T2, Ĳ is a liquid time share at the temperature T1.  
The abovementioned equations show that to extend normal operation time of a magnetic liquid in tribounits it is 
necessary to try lowering the liquid surface temperature and minimize the liquid free surface for lowering the 
evaporation rate. 
It is possible to reduce the rate of liquid mass loss in a vacuum by creating the conditions for reverse 
condensation of a part of evaporated molecules. A vapor pressure P near the surface should be as close to a saturated 
vapor pressure Ps as possible. In this case, evaporation rate is proportional to a pressure difference PPs  .It is not 
so difficult to implement such approach technically. A magnetic liquid unit should be placed into a small unclosed 
cavity. For example, magnetic liquid in bearings and sealings is covered by a washer with a small clearance between 
a rod and a device chassis. In such a case, the evaporation rate is calculated differently. 
Let us suppose that evaporated liquid molecules run into a cavity with a discharge outlet through a wall with 
gauge l. Its surface area is S0. A vapor molecule free path O with a pressure P, provided that .S , 0l!!O  A 
dispersed environment evaporation rate will be: 
( ).
2 s
W P P
RT
PD
S
    (19) 
Now we should calculate an unknown variable P from this formula. The pressure in the cavity is constant due to 
the balance between mass rates of steam generation and steam leakage through a discharge outlet. In our case, gas 
flow through an outlet goes as a molecular effusion. A vapor recovery rate will be: 
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where P0 is an outside vapor pressure. It is reasonable to consider P0=0. According to the law of conservation of 
mass W = Wc. An unknown pressure P will be: 
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The final formula for the evaporation rate of a magnetic liquid dispersed environment will be as follows: 
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If it is granted that 0SSl !! ,   then the change rate of a magnetic liquid mass is: 
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the time for a dispersed phase volume concentration to increase from Ȧss to Ȧsf  is: 
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Engineering calculations of magnetic liquid unit’ lifetime require choosing critical values of dispersed phase 
volume density. These critical values should correspond to Ȧsf parameter value in formulas (17, 24). Depending on 
the features of friction units’ work there are different approaches to choosing Ȧsf. 
It is known that viscosity of dispersed systems rises sharply when volume density of a solid phase exceeds the 
value Ȧs § 0,52, which corresponds to a particle packing structure. Thus, the indicated volume density value can be 
taken as critical Ȧsf for magnetic liquid friction units, such as a sealing that fail due to an unacceptably high value of 
internal friction force and (or) increased self-heating. 
In magnetic liquid hydrodynamic sliding bearings [2] the quantity of oil coming out of a friction zone in a time 
unit Q is balanced out by upstream oil Qc through oil grooves induced by magnetic forces. The quantity of upstream 
oil in a friction zone can be presented as follows: 
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where dɷ is an oil groove’s effective diameter, l is an oil groove’s length, ȝ0MsH is a pressure on the external surface 
of magnetic liquid, ȝ0 is a magnetic constant, Ms is liquid saturation intensity, K is liquid viscosity. As Q = Qc then 
the following equation is true for magnetic liquid viscosity K: 
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Magnetic liquid viscosity in high density dispersed phase can be approximated as follows: 
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where K0 is carrier liquid viscosity. Taking into account (26), the last formula (27) can lead to one more value of 
dispersed phase critical density. 
As a result, we obtained the equations (17, 24), which allow estimating a service life of magnetic liquid tribounit 
without filling up or replacing magnetic liquid. Such parameters as V, S, S0, T depend on a tribounit’s design and its 
operating conditions. Usually, valid table values of saturated vapor pressure for a different temperature are difficult 
to find in references. Some special experiments are necessary to calculate them.  
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